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The discovery of well-preserved material referable to Dasyurus dunmalli, from Chinchilla 
and Bluff Downs Local Faunas, has provided diagnostic characters enabling the distinction 
of this taxon from all extant species of Dasyurus on the basis of molar morphology alone. 
Parsimony analysis places D. dunmalli as the sister taxon to D. maculatus, but requires the 
acceptance of considerable homoplasy. These two taxa form a monophyletic clade together 
with D. albopunctatus and D. spartacus, supporting the proposition that these two New 
Guinean quolls do not share a special relationship with D. hallucatus. 1) Dasyuridae, 
Dasyurus dunmalli, molar morphology, parsimony analysis, Pliocene, Queensland. 
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Dasyurus (Geoffroy, 1796) contains a group of 
marsupicarnivores known as quolls found in both 
Australia and Papua New Guinea. There are six 
extant species — the New Guinea Quoll, D. al- 
bopunctatus Schlegel, 1880; the Western Quoll, 
D. geoffroii Gould, 1841; the Northern Quoll, D. 
hallucatus Gould, 1842; the Tiger Quoll, D. 
maculatus (Kerr, 1792); the Bronze Quoll, D. 
spartacus Van Dyck, 1987 and the Eastern Quoll 
D. viverrinus (Shaw, 1800). 

A number of fossil species, other than D. dun- 
malli, have been referred to Dasyurus. McCoy 
(1865) described D. affinis from the Holocene 
Bone Cave, in Bone Cave Ravine at the head of 
Toolam Toolern Ck near Gisborne in Vic. Ma- 
honey (1964) synonymised D. affinis with the 
extant D. maculatus. Owen (1877) described D. 
mordax from an unspecified cave in Australia. 
The holotype is now missing (Mahoney & Ride 
1975) and Archer (1982a) suggested that the 
specimen was pathological. The status of this 
taxon is regarded as doubtful. Dasyurus bowlingi 
Spencer & Kershaw, 1910 was described from 
King Is. in Bass Strait. This specimen was later 
referred to D. maculatus by Marshall & Hope (1973). 

Dasyurus dunmalli Bartholomai, 1971 now 
represents the only extinct species of Dasyurus. 
The original description was based on three worn 
specimens from the Pliocene Chinchilla Sands 
Local Fauna. Archer (1982a) tentatively referred 
another specimen (AMF62530) from the Plio- 
cene Bow Local Fauna to D. dunmalli. Other 
fossil Dasyurus include a number of specimens 
from the Plio-Pleistocene Floraville Local fauna 


which Archer (1982a) was unable to assign past 
generic level. 

The unravelling of relationships within Dasyu- 
rus has been the focus of some attention in recent 
years. Historically, D. hallucatus and D. al- 
bopunctatus have been treated as monophyletic 
and placed in a separate genus, Satanellus (Po- 
cock, 1926; Tate, 1947; Troughton, 1967; Archer, 
1982a), with monophyly for these two species 
based on geographic proximity and the shared 
characters of small size and spots. In a morphol- 
ogy-based review of intrageneric relationships, 
Van Dyck (1987) suggested that D. albopunc- 
tatus and the newly described Bronze Quoll D. 
spartacus were in fact specialised taxa which, 
together with D. dunmalli, formed the sister clade 
to D. maculatus. 

Molecular evidence has largely sustained Van 
Dyck’s argument against monophyly for D. hal- 
lucatus and D. albopunctatus (Kirsch et al., 1990; 
Krajewski et al., 1994), but otherwise the eluci- 
dation of intrageneric relationships remains con- 
tentious. On the basis of DNA/DNA 
hybridisation studies, which included three spe- 
cies of Dasyurus, Kirsch et al. (1990) found D. 
albopunctatus to be more closely allied to D. 
maculatus than D. hallucatus. Krajewski et al. 
(1994), from an analysis of cytochrome b data, 
with all extant Dasyurus except D. geoffroii rep- 
resented, likewise inferred polyphyly for the Sa- 
tanellus of Tate (1947) and Archer (1982a), but 
treated D. albopunctatus as monophyletic with D. 
spartacus and D. viverrinus, a relationship sup- 
ported by high bootstrap values. However, the 
position of D. hallucatus within Dasyurinae was 
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very poorly resolved, as was the phylogeny of 
dasyurines in general. Interestingly, in the same 
study, strong support was forwarded for a special 
relationship between D. maculatus and Sarcophi- 
lus harrisit. Monophyly for these two most spe- 
cialised of modern dasyurid camivores has been 
tentatively proposed by previous authors (Ride, 
1964; Archer, 1982a), on the basis of a demon- 
strable structural morphocline incorporating the 
Pliocene Glaucodon ballaratensis. However, 
some results generated from the cytochrome b 
data of Krajewski et al., (1994), such as strong 
support for monophyly and Pseudantechinus 
ningbing and Myoictis melas, are extremely dif- 
ficult to reconcile with morphological data and 
may signal the need for caution in interpretation. 
In this paper the position of D. dunmalli within 
Daysurus is re-examined with the benefit of ad- 
ditional data from five new, well-preserved den- 
tary fragments from the type locality as well as 
two isolated molars, from the early Pliocene Bluff 
Downs Local Fauna referred to D. dunmalli. 


MATERIALS AND METHODS 


Character-state polarities follow those used by 
Van Dyck (1987) and Archer (1976). Character 
state distributions are shown in Table 1. Phyloge- 
netic analysis was applied using PAUP 3.0 
(Swofford, 1993). Wagner analysis was per- 
formed using the ‘exhaustive’ algorithm with 
multistate characters treated as ordered. DELTRAN 
character optimisation was used to distinguish the 
most parsimonious array of transformations. The 
evolutionary transformation of characters is de- 
layed when the DELTRAN option is applied, 
pushing them up the tree and effectively favour- 
ing parallelisms over reversals where there is an 
equally parsimonious choice (Wiley et al., 1991). 
The use of this option was considered prudent as 
much of the data set for D. dunmalli was missing. 
The DELTRAN optimisation includes transfor- 
mations for missing data at the minimal level, 
allowing for the possibility that a transformation 
might have evolved at a lower point on the tree 
(Simmons, 1993; Novacek et al., 1988). 

Bootstrap analysis, considered an alternative 
for the problem of small data sets (Felsenstein, 
1985; Potvin & Roff, 1993), was undertaken with 
a branch and bound search and one thousand 
replications. 


The identification and treatment of character 
complexes are common dilemmas in phyloge- 
netic analyses (Kluge & Farris, 1969; Archer, 
1982b; Simmons, 1993). Character transforma- 
tions in the upper dentitions often reflect predict- 
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FIG. 1. Diagram showing terminology of morphology 
of an upper and lower molar of stylised dasyurid. 
Regions used for measurements in Table 2 are also 
shown. Arrow indicates anterior of molar. Abbrevia- 
tions: a.c.=anterior cingulum; a.prcr=anterior pro- 
tocrista Or prcprotocrista; co=cristid obliqua; 
end=entoconid; hycd=hypocristid; hyd=hypoconid; 
hyld=hypoconulid; mc=metaconid; mcl=meta- 
conule; me=metacone; mecec=metacrista; 
mecd=metacristid; med=mctacristid; mst=metastylar 
corner of tooth; pa=paraconc; pac=paracrista; 
pacd=paracristid; =padparaconid; p.c.=postcrior cin- 
gulum; p.cd=posterior cingulid; p.prcr=posterior pro- 
tocrista or poStprotocrista; pr=protocone; 
prd=protoconid; pstd=parastylid; stB=stylar cusp B; 
stC=stylar cusp C; stD=stylar cusp D; stE=stylar cusp 
E (after Archer, 1976, 1984a). 


able changes in the lower dentitions and vice 
versa (e.g., postmetacrista length is correlated 
with paracristid length, protocone reduction with 
talonid reduction). For characters used in this 
analysis with a demonstrably direct structural link 
to counterparts in the upper or lower dentitions, 
only one of two possible ‘characters’ has been 
used (i.e., upper or lower). 

Systematic terminology follows Kirsch & 
Calaby (1977) for Dasyurus and Wroe (1996, 
1997 a,b) for higher level systematics of Dasyuro- 
morphia. Dental nomenclature is given in Fig. 1 
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TABLE 1. Data matrix showing the distribution of 22 characters for 7 Dasyurus species and a hypothetical 
ancestor that were analysed using the Wagner parsimony and bootstrap algorithms of PAUP 3.0. Character state 
codes: 0=pleisomorphic; 1=1st intermediate state; 2=2nd intermediate state; 3=most apomorphic state; ?=missing. 
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and follows Flower (1867) and Luckett (1993) 
regarding the molar-premolar boundary, where 
the adult (unreduced) postcanine cheektooth for- 
mula of marsupials is P1-3 and M1-4. Luckett 
(1993) has suggested that in D. viverrinus it is P2, 
rather than P3, which is lost. This interpretation 
might also apply to other members of the genus. 
However, pending the publication of data based 
on more extensive sampling, we adhere to the 
conventional view that P3 represents the lost pre- 
molar position in Dasyurus. Measurements of 
tooth dimensions are presented in Table 2. The 
regions measured are shown in Fig. 1. 
Institutional abbreviations. AM, Australian Mu- 
seum; AR, Vertebrate Palaeontology Collection, 
University of New South Wales; QM, Queens- 
land Museum; W, Wilkinson private collection. 


SYSTEMATICS 


Order DASYUROMORPHIA Gill, 1872 
Superfamily DASYUROIDEA Goldfuss, 1820 
Family DASYURIDAE Goldfuss, 1820 
Genus Dasyurus Geoffroy, 1796 


Dasyurus dunmalli Bartholomai, 1971 
(Fig 2) 

MATERIAL. HOLOTYPE: QMF6579, L mandibular 
ramus (partial), including base of C1, P1.3, M}.3, with 
M2.3 protoconid tips missing (adult). OTHER MATE- 
RIAL: QMF23227, R M° (partial); F23226, L M3 
crown; AR74, L mandibular ramus (partial). including 
base of Cy, P1-3, Mı-3 (cast of holotype); AR73, R 
mandibular ramus (partial), including Ci, P 1-2, alveoli 
for P3, Mı-3, M4 broken (cast of F742); F12682, L 
dentary fragment containing M2-3 and alveoli for P1-3, 
M and Mg; F30477, L dentary fragment containing 
Mj.2. W3357, R dentary fragment containing partial 
I1-2, roots for 13, Cı and P1, P2-3, and M1-2. 


LOCALITY AND AGE. QMF6579, AR74, AR73, 
QMF 12682 and F30477 are from the Chinchilla 
Local Fauna, Chinchilla Sand formation, Darling 
Downs, SEQ, considered to be early to middle 
Pliocene in age (Archer & Wade, 1976). F23227 
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and F23226 are from the Bluff Downs Local 
Fauna, NEQ, considered to be of early Pliocene 
age (Archer & Wade, 1976). 


RE-DIAGNOSIS. A medium-sized species of 
Dasyurus that differs from other members of the 
genus in the retention of P3 and a less-crowded 
premolar row, and from all except D. maculatus 
in possessing well- -developed posterior cingulids 
on Mı-3. Differs from D. hallucatus, D. geoffroii 
and D. viverrinus in possessing trigonids longer 
than talonids on M2, premolars which are ovate 
and large in occlusal view, more reduced meta- 
conids and an Mı which is only slightly wider 
posteriorly than anteriorly. Differs from D. viver- 
rinus, D. albopunctatus, D. spartacus and D. 
maculatus in having a cristid obliqua which ter- 
minates anteriorly in a more lingual position (al- 
most directly beneath the carnassial notch of the 
metacristid on the unworn M3). Differs from D. 
albopunctatus and D. maculatus in showing less 
reduction of the metaconids. Differs from D. 
maculatus in lacking bulbous molars. 


REVISED DESCRIPTION. Lower dentition. 
Characters not noted in the original description 
(Bartholomai, 1971) are: Mı-3 metaconids are 
reduced and posteriorly displaced; the metacris- 
tids and hypocristids of Mı-3 are angled away 
from the transverse axis of the dentary; the talonid 
is only slightly wider than the trigonid on M1; the 
dimension of M2 trigonid exceeds that of the 
talonid on the long axis; the Mj-3 entoconids are 
small; a well defined posterior cingulid is observ- 
able on Mj-3; the cristid obliqua terminates 
against the posterior face of the trigonid in an 
increasingly lingual position from M1-3 (almost 
directly beneath the carnassial notch of the M3 
metacristid in unworn specimens). 

Upper dentition. L M? (QMF23227). This is the 
only element of the upper dentition referred to D. 
dunmallito date. The tooth is worn, with a region 
extending buccally from the protocone tip to in- 
clude the basal portion of the paracone and 
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FIG. 2. Dasyurus dunmalli. A, QMF 12682, L dentary fragment containing M2-3 and alveoli for P1-3, Mi and Ma, 
stereo-pair in occlusal view; B, QMF30477, L dentary fragment containing M1-2, stereo pair in occlusal view; 
C, QMF23226, L M3 crown, occlusal view; D, QMF23227, R partial M^, occlusal view. 
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TABLE 2. Tooth measurements of Dasyurus dunmalli 


in mm. 

[LOWER MOLARS | MI | Mm |M] 
| OMF Number 30477 | 12682 | 30477 

| Paraconid-metaconid 2.9 

| Paraconid-hypocoulid 4.5 S5 5.4 
Metaconid-protoconid 22 3.4 2.9 3.4 

| Paraconid-protoconid 2S 
| UPPER MOLARS Ž M2 

QMF number 
[Metacone-metastylarcomer | 40 | | 
[Paracone-metastylar corner__ | 26 | | | 
[Parastylar comer-metastylar comer | _5.0 | | | 


metacone missing (including the location of the 
protoconule and metaconule). In order ofdecreas- 
ing height, the principle cusps are; stylar cusp D, 
metacone, stylar cusp B, paracone, protocone, no 
stylar cusp C or E, Stylar cusp D is large and 
positioned about half way along the stylar shelf 
(equidistant between metacone and metastylar 
corner). Although broken, enough remains of the 
protocone to clearly establish its small size. In 
order of diminishing length, the principal vertical 
shearing crests are; postmetacrista, paracrista, 
premetacrista and postparacrista. 

The postmetacrista is dominant, about three 
times the length of the paracrista. There is a very 
slight ectoflexus in the stylar shelf between stylar 
cusps B and D. A weakly defined anterior cingu- 
lum is present but no posterior cingulum is ob- 
servable. 


REMARKS. Three of the four new specimens 
referred here to D. dunmalli are almost com- 
pletely unworn and reveal detail obscured or 
missing in previously described material. In the 
two partial dentaries (QMF30477 and 
QMF12682), from the same locality as the holo- 
type, several characters are apparent which 
clearly distinguish D. dunmalli from unworn 
specimens of D. viverrinus. Posterior displace- 
ment of the metaconid in D. dunmalli is greater 
than in D. viverrinus and comparable with that of 
D. maculatus. This character is linked with tor- 
sion of the metacristid and hypocristid away 
from the transverse axis of the dentary, opening 
of the trigonid basin and possession of an M2 
trigonid which surpasses the talonid in the 
anteroposterior dimension in D. dunmalli. A 
well-defined posterior cingulid is observable 
on M1-3 of QMF30477 and QMF12682. Al- 
though very worn on the holotype, this charac- 
ter is clearly visible on QMF740. In most 
extant Dasyurus spp, the posterior cingulid is 
greatly diminished or lost excepting some D. 
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maculatus. The lingual point of termination for 
the cristid obliqua against the posterior face of the 
trigonid further distinguishes D. dunmalli from 
D. viverrinus and is most similar to the condition 
seen in D, hallucatus. The unworn M3 from Bluff 
Downs has been assigned to D. dunmalli because 
it shows each of the characters mentioned 
above. 


PHYLOGENETIC ANALYSIS 


A single most parsimonious tree requiring 33 
steps is produced by Wagner analysis (Fig 3). The 
tree shows a consistency index (CI) of 0.9.9, and 
a retention index (R1) of 9.03. Monophyly for 
Dasyurus is based on reduction in premolar oc- 
clusion, loss of P3, paracone reduction, diminu- 
tion of the posterior cingulid and loss of the M4 
entoconid (characters 6,7,10,14 & 17; see Tables 
2 & 3). Within the genus, D. hallucatus is the 
sister group to all other species of Dasyurus. 
Monophyly for D. geoffroii, D. viverrinus, D. 
albopunctatus, D. spartacus, D. dunmalli and D. 
maculatus is founded on possession ofthe follow- 
ing synapomorphies; a U-shaped premolar row, 
canine hypertrophy, a reduction in premolar 
shear, a relative increase in M3 postmetacrista 
length, ametacone perpendicular to stylar cusp D, 
more closely approximated metacone and stylar 
cusp D (M1.3), reduction of M4, metaconid reduc- 
tion and complex penile morphology (characters 
3,4,6,8,9,10,11,12,16 & 20). Together D. hallu- 
catus and D. geoffroii form a sister clade to D. 
viverrinus, D. albopunctatus, D. spartacus, D. 
dunmalliand D. maculatus, a clade defined by the 
following synapomorphies; lack of diastema 
between I'*, 1' not hypsodont relative to 1’, fur- 
ther hypertrophy of the M? postmetacrista and 
reduction of the hallux (characters 1,2,8 & 21). 
Dasyurus albopunctatus, D. spartacus, D. dun- 
malli and D. maculatus are united by possession 
of: larger more ovate premolars in occlusal view, 
trigonids, markedly larger than talonids on the 
long axis, and further reduction in metaconid size 
(characters 5,15 & 16), At this point an unre- 
solved trichotomy is produced within D. al- 
bopunctatus, D. spartacus and a monophyletic D. 
dunmalli and D. maculatus clade. Dasyurus dun- 
malliand D. maculatus are united on the basis of 
a single feature, possession of a well defined 
posterior cingulid (character 14). 


A tree of identical topography is generated by 
the bootstrapping algorithm (Fig. 3). Monophyly 
for a D. geoffroii, D. viverrinus, D. albopunc- 
tatus, D. spartacus, D. dunmalliand D. maculatus 
clade is supported in 95% of replications. Unity 
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FIG. 3. Single most parsimonious cladogram for 7 
species of Dasyurus and a hypothetical ancestor. Pro- 
duced by Wagner and 50% majority rule consensus 
bootstrap analyses with character state changes for 
internal nodes, ‘?’ indicate predicted occurence of 
character states where the relevant material is un- 
known. 


for a D. viverrinus, D. albopunctatus, D. spar- 
tacus, D. dunmalli and D. maculatus clade is 
sustained in 93% of replications. A D. albopunc- 
tatus, D. spartacus, D. dunmalli and D. maculatus 
clade is supported in 93% of replications. Weak- 
est support is for monophyly of a D. dunmalli/D. 
maculatus clade which is sustained in 72% of 
replications. 
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DISCUSSION 


Previous authors have justifiably exercised re- 
straint when considering the phylogenetic posi- 
tion of D. dunmalli. Bartholomai (1971) found D. 
dunmalli to be structurally most similar to D. 
viverrinus. Archer (1982a) also found D. dun- 
malli to be morphologically closest to D. viver- 
rinus but canvassed three phylogenetic scenarios: 
D. dunmalli was either ancestral to all modern 
Dasyurus, ancestral to all Dasyurus species ex- 
cept D. hallucatus, or it represented a separate 
lineage highly convergent on Dasyurus. Dasyu- 
rus dunmalli was considered a derived taxon 
within the genus by Van Dyck (1987) who pro- 
posed that D. dunmalli might be monophyletic 
with D. spartacus and D. albopunctatus. 


The study of more recent and better preserved 
material has enabled the clear distinction of D. 
dunmalli from D. viverrinus, and all other species 
of Dasyurus, on molar morphology alone and 
extended its known geographical and chronologi- 
calrange. The phylogeny for Dasyurus supported 
in the present analysis concurs in some respects 
with that of Van Dyck (1987), as does the phylo- 
geny generated for the genus Dasyurus. In both 
studies D. dunmalli is treated as part of a D. 
albopunctatus, D. spartacus and D, maculatus 
clade with no special relationship between the 
two New Guinean quolls and D. hallucatus. How- 
ever, differences are apparent. In the present 
study, D. albopunctatus, D. spartacus and D. 
dunmalli+ D. maculatus represent an unresolved 
trichotomy, whereas Van Dyck (1987) suggests 
that D. dunmalli is the sister taxon to the two New 
Guinean quolls and that together these three taxa 
form the sister taxon to D. maculatus. In addition, 
the positions of D. viverrinus and D. geoffroii 
in Fig. 3 are the reverse of those in the Van Dyck 
study. 


Homoplasy features in all phylogenies incorpo- 
rating D. dunmalli (Archer, 1982a, Van Dyck, 
1987). In particular interpreting the significance 
of the small but distinct P3 in this fossil taxon has 
vexed previous authors. The presence of P3 is 
almost certainly plesiomorphic for Dasyurus. But 
because this tooth is not present in any other 
member of the genus and its presence in D. dun- 
malli requires either the acceptance of apomor- 
phic reversal to a primitive state in D. dunmalli, 
or multiple convergent loss of P3 within Dasyu- 
rus unless dunmalli is treated as the sister taxon 
to all other Dasyurus spp. Although the reappear- 
ance of a lost tooth within a lineage otherwise 
strongly influenced by selection for brachy- 


REVISION OF THE PLIOCENE DASYURUS DUNMALLI 


TABLE 3. Characters and character states used in 
phylogenetic analysis with ‘0’ representing the plei- 
siomorphic state. 


1. Presence of a diastema between 1. 0. present. /. absent. 


2. Il morphology. 0. 1! hypsodont relative to 12. /. 11 not 
hypsodont to 12. 


3. Shape of incisor row, 0. incisor row ‘V-shaped. /. ‘U’- 
shaped. 
4. Cl morphology. 0. C1 proportionate. /. C1 not proportionate. 


5. Premolar morphology. 0. premolars narrow and small in 
occlusal view. /. ovate and large in occlusal view. 


6. Premolar occlusion. 0. premolars shear past each other in 
occlusion. /. intermediate stage. 2. do not shear past each other 
in occlusion. 


7. P3. 0. retained. /. lost. 


8. M3 metacrista length. 0. M3 shorter than for M2. /. M3 and 
M2 about equal. 2. M3 longer than for M2. 3. M3 much longer 
than for M2. 


9, Position of M' metacone relative to stylar cusp D. 0. 
perpendicular to sylar cusp D. /. not perpendicular. 


10. Paracone morphology. 0. Paracones not reduced. /. inter- 
mediate stage. 2. greatly reduced. 


11. Distance between metacone and stylar cusp D. 0. Meta- 
cone and stylar cusp D not approximated. /. intermediate. 2. 
approximated . 

12. Ma morphology. 0. M4 unreduced. /. reduced. 

13. Molar shape. 0. molars non-bulbous. /. bulbous. 


14. Posterior cingulid. 0. well developed. /. diminished or 
lost. 


15. M2 trigonid versus M2 talonid length. 0. lengths near 
equal. /. M2 trigonid length clearly greater than talonid. 


16. Metaconid size. 0. metaconid unreduced. /. intermediate 
stage. 2. intermediate stage. 3. greatly reduced. 


17. M4 morphology. 0. Ma with entoconid. /. without ento- 
conid. 


18. Skull height. 0. low. /. not low. 


19. Rostrum breath between lachrymals. 0. not broad. /. 
broad. 


20. Penile morphology. 0. Simple. /. complex. 


21. Hallux morphology. 0. hallux absent. /. intermediate state. 
2. most apomorphic state. 


22. Hind foot morphology. 0. pes short and broad. /. elongate. 


cephalisation may be counterintuitive it is not 
unknown among mammalian carnivores (Kurten, 
1988), but the identification of another plesio- 
morphy in D. dunmalli, i.e., a very well-devel- 
oped posterior cingulid further complicates the 
issue. A need for circumspection is further 
stressed because many features are unknown for 
D. dunmalli and previous work, based on Mio- 
cene fossil material (Wroe, 1996; 1997a,b), has 
demonstrated unexpected complexity in the phy- 
logeny of Dasyuromorphia. Nonetheless, results 
of the present study clearly show that reversal to 
a plesiomorphic state for both these features in 
D. dunmalli is the most parsimonious interpreta- 
tion on the basis of available evidence. 
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